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I. PURPOSE 
Very few·radical developments have taken place within 
the last few decades or so as far as distillation operations 
were concerned. Engineers have improved upon the bubble-cap 
colwnn, shifted to grid trays, varied packing; hov:ever, the 
primary reasoning has remained the same since the advent of the 
~olcott cascade. Thus, improvement after improvement has been 
made upon contact rectification systems. In fact, industry seems 
too self-satisfied with tL.is type column, possibly because con-
tact colwnns require in the m~jority of fec3sible separations low 
enere;y input and, thus, prov.e more economical. Rather than im-
provements, a radical redesign might well be in order. 
Recently, there have been experimental development in 
ree:ard to \'i"hat is termed "thermal" distillation or rectification. 
This t~.:ne column shows promise, particularly at low pressure~. 
,:J1 It is the purpose of this paper to present an unbiased evaluation 
of ·an experimental continuous thermal rectification column. It 
is the autI:ior's firm belief that such a column, as described in 
what follows, is both- practical and feasible-. With refinements, 
it might well compete w_ith contact systems in certain separation 
problems. 
• -1 
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I. PURPOSE 
Very few radical developr:ients have taken place within 
the last few decades or so as far as distillation operations 
were concerned. Engineers have improved upon the bubble-cap 
colwnn, shifted to grid treys, varied packing; hov1ever, the 
primary reasoning has remained the same since the advent of the 
~olcott cascade. Thus1 inprovement after improvement has been 
made upon contact rectification systems. In fact, industry seems 
too self-satisfied with tLis type column, possibly because con-
tnct columns require :i,.n the majority of feasible separations low 
energy input and,. thus, prove more economical. Rather than im-
provements, a radical redesign might well be in order. 
Recently, there have been experimental development in 
rer:.ard to v:hat is termed "thermel" distillation or rectification • 
This t:,..ne column shows :;1romise, particularly at low pressure~. 
It is the purpose of this paper to present ar: unbiased evaluation 
of an experimental continuous thermal .rectification column. It 
is the author's firm belief that. such a column, as described in 
what' follov~s, is both practical .and feasible. With refinements, 
it might well compete with contact systems in certain separation 
problems • 
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II.. HISTORICAL 3ACKGROUND 
Since the observation that components could be separated 
by means of a simple pot and condenser, man has undertaken the 
task of obtaininr sharper and sharper separations. Uuch has been 
accooplished alono these lines throur".h the years. Orieinally the 
process of simple distillation was repeated step by step. With 
the odvent of the ';'i'olcott cascade, the req_uirement of individual 
stills ar.d con.-Jensers became unn5cessary. However, the repeated 
application of a reboiler and condenser is practic~d in some 
pre oent day mo1ec ular di st i llat ions. From th.e 'Wolcott ca sea de, 
the lon,--; ·step to present do.y columns was but a metter of refine-
-ment and convenience. 
Such distillation - that is, the contacting of liquid 
end vapor, not in equilibrilun, countercurrently - is termed contact 
dtstillation. This de~)ends primarily upon the phenomenon that the 
two contn cted phases at te~pt to a :i:riroa ch eq uili bri um. The transfer 
of material between phases is spontaneous, nnd the rate of transfer 
de~ends upon the mass diffusion constants and the absolute vapori-
zation and condensation rates at the liquid~vapor interface. Thus, 
we can see that an enrichment will occur. 
However, another type of enrichment can be realized: by 
means of partial vaporization and partial condensation. Ei t);ler 
one alo.ne or both can effect this enrichment. Let us call this 
thermal rectification. The interphase transfer in this case cannot 
be considered spontaneous, rather it is broug.l;lt about by the delib-
-3-
erate addition or extraction of thermal energy. The only aqui-
libri-u,m consideration would be between the cond~nsing liquid 
and its associated vapor or the vaporizing vapor and its parent 
liquid. Enrichment is brought about by the fact that the VP.nor 
formed by partial vaporization is richer and the liquid formed 
hy partial .condensation is leaner than the pare.nt phase from 
which each evolved. 
Several types of thermal rectifying columns have been 
described (ll, (2}, (5). One paper considers a series of heated 
and cooled zones associated with an unpacked tube; another er.1ploys 
what might be termed an "inclined" still principle; another employs 
directional motion into a heated zone to bring about enrichment; 
finally, s~veral papers have described a rotary thermal rectifica-
tion column (1), (2). Of the four types mentioned, the latter 
appears to be worthy of mention ·and experimental evaluation. Such 
will be the purpos-e of this paper. Just to mention in passing, it 
must be st.ated that in conjunction with this experimental evaluation 
of a rotary thermal rectifier, preliminary work is beine accomp-
lished in regard to the inclined column by the Chemical Engineering 
Department of Lehigh University. 
A basic reflection upon all four thermal. methods mentioned 
above should prove. that t.hey are. all reversions to th.e old modes 
of multiple redistillation .. the pots and condensers merely being 
contained in one overall unit. 
Note also that, whereas, all preceding papers commented 
on batch type operation, this thesis will consider continuous 
operation. 
... 
,-., .. 
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III. COLUMN COM]?'ARISON. 
Before embarking upon a direct evaluation ot the t he~mal 
rectifier, a few considerations regarding distillatfon in general 
appear to be in order. 
Possibly the one variable in distillation operations 
which has the most adverse effect upon the. system ·is operational 
pressur.e - the aclverse effect being that brought about by pressure 
reduction. It is well known that the -separation abilit_y of a con-
tact column is very poor at low pressures. In conventional stills 
red.uction of pressure lead to the foliowinr; consic1erations: 
(1) vapor velocity increases to an extent where there is definite 
interference with colwnn operation (2) the change in column pres-
sure may be larco when compared to the pressure desired at the 
feed point (3) the vaporization process itself becomes complicated 
due to hydrostatic head and surface tension phenomena. Nevertheless, 
these difficulties may ba counteracted, invariably by imp~oved 
col um.n de:si-gn. 
Further adverse effects due to reduced pressure operation 
of contact coll.Ul)J1s are brought about by t~e .increased diffusion 
rates for the vapor phase. and decreased absolute c qndensation and 
vaporization rates. The former operates to both an advantage and 
disadvantage by means of the fact that transverse mi:sing is rapid 
and thus favorable; however, longitudinal (or vertical) mixing 
invariably takes place.quite rapidly, and thus the vapor stream 
is unable to support a concentration gradient for proper column 
functioning. 
- ---
- --- --·-·---- -· -·---·-
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. A direct comparison between thermal and contact columns 
shows that low pressure enhances the operation of the former over 
the latter type column (1). This, to many people, is the great 
advantage of the thermal column over the contact. 
Actually, a contact column experiences a certain degree 
of thermal rectification. Almost invariably a contact column is 
operated under adiabatic conditions, since apparently the effi-
ciency is hir.hest at that :lOint. Reference (1) presents :a rather 
fine discussion as to the fall_acy behind this assumption. In fact, 
larce deviations from adiabatic operation can lead to hicjler effi-
ciencies due t q the helpful effect of the thermal component. 
The th.ermal column is considered to be independent of the 
majority of pressure effects which render the contact column in-
efficient. Operation at pressures in the vicinity of atr.10spherio 
conditions indicate that vapor stream mixin~ is brouvit about 
mainly by turbulence; at low pressures, by increased diffusion 
rates. Possibly the majority of enric·bme nt at atmospheric ·condi-
tions is brour:ht a bout by partial vaporization rather than partial 
condensation, which is knovm to be a poor means of enrichment at 
the pr·essure mentioned ( l). 
When considering the rotary- thermal rectifier one must 
visualize the following as taking place u.aiformly along the 
column heieht: 
(1) Partial vaporization of the reflux. 
(2) Blending of the above vapor with the main vapor stream. 
(3) Partial condensation of. the vapor. 
(4) Blending or (3) with the main -reflux stream. 
,. 
These considerations are from reference ( 1). 
.. --
- ---··----------
1' 
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IV. DESIGN AND CONSTRUCTION 
:b.,undamentally the column consists of two concentric 
tubes, the outer one being heated and the inner one being cooled. 
The latter tube is also capable of bcin~ rotated so that centrifugal 
aotion can dispel the condensate formed. The basic operations of 
the rectifier are as stated in the latter part of section III. 
In the present design the column proper is a sev·enty inch 
lencth of two-inch standard steel pipe, having a feed inlet at the 
mid-len·:th. Surmounted around the column proper are two, four-
inch flanged steam jackets, which are considered to function as 
rectifyinr, and strippinG reboilers. By means of proper bearing 
mounts and a lignrnent, n finned type 3/ 4" co nd ens er tu binr, is in-
serted between sections of 3/ 4" extra stronc brass pipe. This 
serves es the column internal condenser and is rotated by a 1 H.P. 
electric motor. 
Steam rate to the strinping section is controlled manually, 
while thnt to the rectifying section is .controlled by e Fem·,al 
thermostatic switch in conjunction with an on-off type solenoid 
valve·. To obtain uniform temperature conditions in the a hove 
section a small amount of steam bleed is provided by cracking a 
by-pass valve manually. No means of steam rate measurement are 
provided. 
Cooling water rate is measured by a mercury-water meJlOJfteter 
and a 17/64" oriJ.'ioe plate. Temperature of inlet and outlet stream 
are measured by mercurial thermometers inserted in their respective 
lines. 
--,----··--
1. 
l 
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Feed rate and distillate rate are measured by means 
of suitable flowrators. Bottom rate is obtained by a simple 
material balance. The system is termed a closed type since 
the bottoms and the distillate were both returned to the same 
tank from which the feed vms pumped. Preliminary runs indicated 
that thermal mixine d;ld not accomplish steady feed composition, 
therefore, a centrifugal pump was installed as a mixing agent. 
Temperatures of the liquid reflux film were obtained 
from ten Cu-Constantan thermocouples, five to each section, 
~rranp,ed in a vertical 180° helix. 
For detailed column dimension, construction, ond com-
ponents refer to fi~ures la, lb, and 2 in the Appendix. 
I I 
·v 
,; 
., 
-·---- ....... --~···---------· 
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V. COLUMN THEORY 
In general, the basic problem is the determination ot 
the liquid and vapor composition, x and y, in terms of the 
column height z and time t. This approach can be derived easily 
from methods described in previous papers (1) (J). Rate equations 
are obtained by taking a material balance over en element of 
column height, dz, thus -
L~-hJ.~-~ d z d t 
V g; i - hv Pt -. ~ 
- 0 
-
( 1) 
- 0 
-
(2) 
(~ refers to partial derivative.} 
d 
Neglecting longitudinal mixing, each equation consists 
of three terms: (1) the net rate of transport of the component 
in question into the element by flow {2) the rate or accumulation 
of the component in the holdup of the element {.J) the net rate 
of transfer or the component between phases in the element. The 
third terms will be considered briefly in following statements. 
Actually, for this paper's consideration, it is quite 
proper to limit the dieoussion to steady state operation. Let ~ 
be some function ot the vaporization and condensation rates in 
the element, thus -
-9-
where Q.v and Q.c are the m1mber of moles · of vapor and condensate 
formed per unit length per unit time ·and q(x) and p(y) are the 
composition or the vapor and condensate formed in the column 
respectively. Therefore, equations (1) and (2) b~oome -
L 9.6.· + Qcp - Q.vq : 0 
dz 
( J) 
Flow rates in the above equation are all considered 
po~itive, irrespective of flow directions. Considerations of 
flow directions for differential condensation and vaporization 
will be in agreement with those in reference (7) when the above 
eq·uations are applied practically. 
For steady state solution, subtraction or equation (J) 
from equation (4), followed by integration will lead to the con-
ventional operating line equation, exactly as in contact· columns 
( 1) • 
Vy - Lx. Dxn ( 5) 
One must consider that in the general case, V and L in ( 5) above 
are variables and not constant. Considering that the ~·a are 
constant along the height ot the column, as is the case in the 
rotary thermal st-11~, then -
V a Vo {Q.v - Qo)z (6) 
.. 
.... . 
.Ji!~--· ...... · -- ;_ ··-.~----·-::- .. ·=---·. -. -·-=--·-·- --·--"---~--------
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by which the variable V oan be eliminated from e~uations (4) 
and ( 3); therefore, proper integration leads to .-
(7) 
This equation is for the section above the feed, 
corresponding equations can be obtained for the liquid and for 
the section below the feed. A brief reflection will show 
equation (7) is but a modification to the Rayliegh equati-on (7). 
For the system investigated, assumptions similar to 
those in referenda (1) were made -
p(y) = y 
( 8) 
q(x) ax 
= l+(a-l)x 
Thus, with the use of ( 8), x can be eliminated from ( 7) 
by means of _( 5). Performance can th en be obtained by integration. 
Considering equation (6), a simplification can be ob-
served in cases where Qc • ·lv, in which case L and V are constant; 
thus, equation (7) reduces to -
f =IYO gz q-p 
~Yo ~ 
~• B q-p 
( 9a) 
.. 11 .. 
Such oper~tion is termed adiabatic (1). 
By observation, the le~ hand members of equations (9} 
and (9a) are dimensionless and in this case are termed r or heat 
ratio.(l}. Actually, they are a ratio between the column vapori-
zation rate and vapor flow rate; or better, a measure of the 
number of times the material is redistilled in passing through 
the column. As stated in reference (1), this is a proper term 
to be employed in regard to a thermal column rather than transfer 
units, et.al •. 
Correlation can be had between contact and thermal 
columns· but the differences are apparent in that one employs the 
basis of heat input rather than a composition consideration. Due 
to the nature of the equations employed for both types of columns, 
there is close agreement between heat units, theoretical plates, 
ahd transfer units. 
Another partioular case may be observed in the case of 
infinite heat ratio ·or minimum reflux. Thus, by setting the 
denominator of ( 9) and ( 9a) equal to zero, or -
and for adiabatic operatton 
p = q 
give·:rormulae for minimum reflux. 
(10) 
(10a l 
As mentioned previously, the column was operated e.t 
atmospheric conditions. Thus, we must consider the assumptions 
and approximations which will or a ·necessity be valid. 
• I 
-12-
Firstly, we may accept the statement that at atmospheric 
pressure most systems will have predominate transverse mixing 
due to turbulence rather than that due to diffusion in the vapor 
phase. This mixing is rapid and may be considered instantaneous. 
Then too, et atmospheric pressure, partial condensation does not 
contribute to enrichment appreciably and may in most cases be 
neclected • 
.Assuming constant a, the above considerations lead to -
p : y 
q ax 
( 8) 
-
- l+(a-lh 
From reference (ll, the simplest case, adiabatic 
operation at total reflux, le-0d~ to -
r : ....L.... ln Y..fJ. - ...JL ln l:..W. ( 11 } 
a-1 Yo a-1 l-y0 
R~arranging equation (11} -
r = -
1
1 ln W (1-yo) 
a- y0 ll-ynl 
1-v" + ln ~
1-YD 
( 12) 
and noting that the second right hand member is negligible 
relative to the first, a direct comparison between bubble plate 
and pecked columns can be made. 
For bubble plates -
n • ...l,_ ln 
lne. 
YD (1-yo) 
Yo (1-fn) (lJ) 
! 
I 
lw '·, 
-13-
end for pecked columns -
..L l a+l ln Yp( 1-Yo) 
VH~ = 2 a-1 Yo (i-rn) 
Thus, the characterization faotora are -
(14) 
Plate: packed: thermal - ..l.... : ..Jt:!:.L : ..l. 
- lna 2ra=r) a-1 
Further cases that can be considered are partial reflux 
under adiabatic conditions and non-adiabatic conditions. The 
former leads to equations identical with those obtained by Dodge 
and Huffman (6). The latter leads to equations which are quite 
complicated alr,ebriacally and are of little immediate interest (1). 
L 
V 
'<{, C 
·0v 
p(y) 
Definition of Terms 
: liquid flow rate [moles T-E . 
of column G,oles T-11-~·, 
: vaporization rate per unit length of column ~oles T-11-J. 
= composition of condensate fanned in column,~ole fraction 
-
-
condensation rate 
[moles T-~ • 
per unit length 
: vapor flow rate 
light component] Expressed as a function of y. 
q(x): composition of vapor formed in colwnn,[mole fraction light 
componen~ Expressed as a function of x. 
ht : liquid holdup per unit length [moles 1-~ 
hv : vapor holdup per unit length [moles 1-~ 
-14-
x : mole fraction light component in liquid 
y = mole fraction light component in vapor 
z - height along 9olumn [ t] 
-
D .. distillate rate [moles T-~ 
-
H~ - length characteristic of pecking performance [1] 
-
a = relative volatility 
n :: equivalent number of theoretical plates 
r - ..aD I heat ratio 
- T 
Subscr1pta: 
D - refers to distillate or column sectional length. 
o refers to feed. 
B - refers to bottoms. 
-15-
VI. EXPI',RIMENTAL RESULTS 
The system employed in the experimental -evaluation 
of the designed column 1:;as that of acetone-water at atmospheric 
nressure. Equilibrium data were obtained fro:m reference (8) and 
is graphically displayed in fir,ure J and noted in Table III. 
Fourteen experimental determinations were conducted nt feed rates 
of 3. 28 to O. 707 1;1oles per hour and at feed compositions raneinc 
from O.OJ6 to 0.375 mole frr.ction acetone. Analysis of feed, 
distillate, and bottom streams were obtained by refractometer 
and density readin,r:s, with more weirvit accredited to the fernier. 
Surprisingly, there wa$ accurate a~reement between the two methods 
Fipures 4 and 5 di s:plEiy the relations hips, refractive index versus 
mole fraction nnd density versus mole fraction. 
flow rates for the feed and distillate strenms were ob-
tained by meons of flowrators inserted into the resnective lintiS; 
botto:: 's rato was then derived by an overall material balance. 
·::nter rnte for the rotary conclenser \·:os obtained by calibration 
of a 17/64" orifice ancl cnlibrntion curve plotted, see fir,ure 6. 
11:r:i s s flow rn tes n pp ear in Table II; and overo 11 experimental d ato, 
in Table I. 
Therm.ocouples were installed in the ,·rnll of the column 
proper, as per sectional view in fi5ure 1 b, at ten ·selected 
locations fbr the express purpose of· o·btaining liquid film tem-
peratures; such tem-peratures are tabulated in Table IV. !11hua, 
one is able to estimate the approximate stream composition within 
. ~~:1······ 
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the column at particulor column heights. A typical temperature 
profile_, showing approximate composition values, is displayed 
in fifure 7. The temperatures employed in this plot were 
weiehted averaGes covering the entire fourteen runs. This pre-
sentation is considered more suitable than individual runs since 
temperature fluctuation or thermocouple malfunct ioninr~ is thus 
minimized. 
Various deductions can be made by investieatin~ Table 
IV in conjunction with Tables I and III. Observation will indi-
cete that on certain run3 the 11pper surfc.ce of the rectifying 
section must, of necessity, have been V')id of liquid due to tne 
id~h ter~peratures recorded, This is believed to be true of all 
roo rlinrs in excess of lh 7°F. Tl tis c oniiition is definitely true 
on runs 1 eno 2, ond -ros;.1ibly 7 through 12. The terr:perature 
drop on all runn at position 5 can be explained by tho fact that 
tJ~e therr:iocouple vm:J 1oca.ted at t!te bottom of the rectifying 
steam. jaclcet, steam condensate wo.s thus uctine na n cool.1nt. Due 
to tlle ·fact that tlle rectifyinr. section v1as ~upplied. steam by 
means of an on-off t~~pernture controlled solenoid valve, tem-
perature readine,s in ti1is section were erratic; whereas, tllere is 
some semblance of continuity in the str~ppine section readings. 
Evaluation of the column from the experimental data 
is based upon the followinG assumptions: 
(1) Adiabatic conditions exist. 
(2) An average latent heat of vaporization exists 
for both the rectifying and stripping sections. 
(3) An averag~ relative volatility exists in both 
above sections • 
-17-
When one considers the equations contained in 
Chapter V, it is apparent that such assumptions are valid. 
Comparison between contact and thermal columns will thus be 
at a minimum; the inference being that the rotary thermal recti-
fier is then at its lowest possible efficiency. Thoreforei heat 
unit values will be nt o. minimum. However, knowing that non-
adiabatic conditions probably exist, tlle thermal colwnil will 
perform at a.much better efficiency ond compare more favorably 
with the contact column than it does at this minimum consider-
ati on. 
Calbulation methods for comparative values is es 
( 1) Solve for overall ..;cz, 
.:.cz Ilv ave. : ~ 
( 2) Set «.CZ = L. This cans iderotion. is brought o bout 
by an analogy betV1een the thermal column end a 
contact column employinr, a partial condenser. 
(3) Solve for V and also L' and V'. Then employ McCabe-
.• 
Thie le crfl l)hice 1 method to obtain number of plates 
.in rectifyins and stripping sections. 
(4) Knowing V and V', solve for r (heat ratio). 
(_5) Althoush the use of the method outlined in steps 
.(1) throueh (4) is merely an approximation, it is 
considered .accur·ate enough. Otherwise the solution 
to equation (9) becomes quite ardorous, eventually 
leadine to the following :form: 
-18-
the sol11tion to v,hich can be obtained in any table 
of integrals. However, since V ·would be unknown; a 
a eta iled trial and error method, invol vine trir,ono-
metric and lognri tlunic functions, must be employed. 
Samnle Calculation: 
( 1 ) F • 0.841 lb moles/hr - 27.65 
:i.) = 0.312 lb moles/hr :: 16.02 
D : 0.529 lb rrioles/hr = 11.63 
XF =· 0.375 mole fraction acetone 
Xr, = iJ.840 mole fraction acetone 
X3: 0.100 ~ole fraction acetone 
i:N: 28,800 BTU/hr 
t • 141°F 
tB _ 154°F 
1 bs/hr. 
lbs/hr. 
lbs/hr. 
l~v • 16, 12 O BTU/lb r.iole, ave race latent heat of vaporization 
( 2 ) ~. Hv : ::N 
'V.Z ::: : 28,800 
16,120 
= 1.785 lb moles/hr 
therefore, 
L a l. 785· lb moles/hr 
V • 2.097 lb moles/hr 
L'. 2.9)8 lb moles/hr 
V'. 2.097 lb moles/hr. 
\ _ __, 
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(J) Plate calculation done graphical. SQe figure 3. 
n = 1.4 
r - 1.705 heat units. 
To obtain a size cof'lparison between a contact column 
end the thermal cclumn, the fo.llovlinG data fr.or:1 Perry's "Chemical 
En~:ineGr 's llnndbook", paee 621, ar~ em!)loyed: 
Fiberglass Pa eking 
density - 4.06 lb/rt3 
heieht - 6. 5 ft 
diameter - 12 in 
Acetone - '.'later System 
0.18 - o.82 feed composition 
L = 830 lb/hr rt2 
H 3 6 = • 
Using the· values obtained for run no. 6 from Table· V, 
the followinc is derived: 
(1) Making the height of the packed tower equivalent 
to 1.35 transfer units, thus -
tower height = 1. 8 x 1. 35 : 2. 43 rt 
~ ri 
l\ 
\i 
\ 
'] 
•I 
f ' 
I 
1 
' 
, .. , ·.,.. .. -. .. 
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·t2) Fiovi. re,te .(liq.uia) tl1;ro11r1,h thermal col1imn: 
· · · rr·(·D.2, '2) ·-2 2· 
cross sect iona1 a.r~e • · o -1.Ji =· Q .,95 5xl0 · f.t · 7; ' 
Lq: L+ L' = 7. ~-0 5 lbs r:iO].es/.hr 
·~ 
/,ss1Jiri.o. flverar·e qom;ro:::i.ti6t1. .of Lo :: 'J.. /0-(J. 80 
tile re fore -
) .. o a '/-. '~05 X 2.6 :. 1.0J lbc/l1r. 
(.) ·) Tt-us . .:. 
·L - 20} x 102· = 21,:~o() 1.IJ:J(.llr f't 2 
(). J5:; 
( h-l 
would l1nve tQ 11nV(Y' a diamr;tcr r1r::!_terr_r1in 1 ;.d r: :J 
D1 
11 
1,) 
.,_ 
2 
lJ·,) 
,. 
1 2 )l 
= ~ D •. 2 
= l'?. in 
= 
f-'.'10 
' .) . 
= ?. l ' ?,() Q 
,• J r () Q 
- ).41. 
-
Y. I ... ~ 
830 = 
1 ~· •. 9 ft 
/,n:other consi_derotio"n. moy be mede in ti1e :r1ov1 f~it~ 
in. lbs/hr thua, 
T-he;mal 
L 20'3 
l'µcked 
12" -8JO 6"-203 
I 
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Thus, the size requi:rernento for 13 thermal column 
•:iill be much less thnn a packed tower, both hP.ndling the 
snme 'l unnt i ty. It rr,ust be remerr,.he red tho t the o bove cornpr3 ri ::on 
i o hut a rou;rh n p-;Jroxima t ion. 
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VII. C OHCLUC:IONS 
From an evaluation of the experimental data, the 
followin(~ conclusions are obtained: 
( l) The therr.tal colwnn is as efficient at hi(:h feed 
rates end low feed compositions as is a plate 
column orierat ing· over the same composition con-
ditions. 
( 2) !J.'he therma 1 colwnn is less ef f le lent at low and 
medium feed rates and medium composition. 
(3) The thermal column is more efficient at medium 
feed ratns ond htr,h feed composition. 
(J.i.) Hotary condenser speed hos no effect upon colwnn 
operntion as lon:• ns speed is such tl1FJt conr:'lenGat"e 
is dis~elled hy centrifucel action. 
( 5) Chan?inr; the coolinr: v1ater inlet tcri:)erature clid 
not ef feet i vely c:rn n ~e column operation. 
(6) :c;L'.e rerpii.rc:::entG for tho t11orrnril column '.'1ill be 
1e·ss tlwn tl·1ose of a contact column ·hendlin1''. t:1e 
sorr:e flow rete, l.bs/hr rt
2
• 
In the ab ave, the follov·iinr, r1 efihi t ions n ;;ply: 
(a) hi~h feed rate - 3.0 lb molea/hr·and ah6ve 
(b) medium feed rate - 1.0 to J.O lb/moles/hr 
(c) low fe8d rate - below 1.0 lb moloJ/hr 
( d) hir,)l feed composi t1on - 0. J 5-0. 40 mole frt~ ct ion 
acetone 
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(e) medium feed composition - 0,16-0.19 mole 
fraction acetons 
(f) low feed composition - 0.03-0.06 mole fraction 
ocetone 
Thus, it can be stated th 1Jt the thermBl column is 
as u~.:;eful, ond ;1os.,ibly mo·re u::1eful, ti!Afl o plate column u
nrler 
o variot;/ of system conditions, It is firrr.ly believed tltet 
there is ·A definite plocr~ for We rotery thermal colwnn in
 
\I 
inrJustrinl 11ractic0 r:nd ·it is A sincere hope tlint furtller 
ex-
perim8ntnl pro,jfJCts v,ill brinr~ tiiis nbout, 
-24-
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VIII. RECOMMENDATIONS 
Since this renort cover~ but a minor investic;ation 
and evaluation of a rotary thermal column, the following recom-
mendations are mace: 
( 1 J Cha nee the inlet feed connect ion to one which 
will include a distribution weir, so that feed 
distribution is evGn alonr, the column v:all. The 
la ck of such nn arranr?ement on the nresent column 
did not, it is believed, alter results in any 
appreciably amount. 
(2) Conduct an evaluation of various type materials 
and shapes for the rotary condenser. The present 
finned type allowed very little space for vapor 
flow - this pos3ibly resulted in hi~h vapor ve-
locities and decreased the vertical concentration 
gradient, and therefore, the column's separating 
power. 
(J) Relocate thermocouples to obtain proper readings 
and include some means for vapor and liquid sam-
pling. With the latter two installed, thermo-
coµples would not be required. 
(4) Split the colwnn mechanically so that liquid and 
vapor lines alone would. connect the rectifying 
and stripping sections. 
(5) Conduct evaluation of heat transfer ooeffi cients 
for "the column. 
'1 
l 
li ;·, 
. !, ' 
;: ' 
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(6) Provide means of measuring steam condensate ratet 
t_hus; q,c can be evaluated. 
(7) Zmploy a thermo-pressure regulator on the steam 
chests so that qperation is continuous and steady, 
rather then off~on as in the present system. 
(8) Investi- 1,ate the capabilities of the colwnn in reBard 
to close boilin~ systems. 
(9) Finally:, evaluate the 3ystem under vacuum and also· at 
·hi;?,h pressuros. 
, 
I 
' I 
' I 
i ; 
! 
, '' ,• ~.I . • '" -• "'' .. :•~ ••. 
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TABLE I 
EXPERIMENTAL DATA 
Run No, 1 2 J 4 5 6 7 8 
F 3.28 3.21 3.03 3.05 2.25 2.27 0.725 0.707 
D 0.05 0.06 0.085 0.12 0.294 0.285 0.236 0.234 
B 3.23 3.15 2.945 2.93 1. 956 1. 985 0.489 0.473 
HF 1.3410 l.3"412 1.3454 1.3.453 1.3583 1.3579 1.3627 1. 3627 
fF 0.980 0.978 0.971 0.971 0.929 0.930 o.892 o.892 
X1? 0.036 0.040 0.060 o. 06.0 0.190 0.185 0.365 
0.36"5 
J. 
ND 1.3592 l.359~ 1.3586 1.3581 1.3594 l.3596 1.3591 
1. 3594 
fv 0.806 0.807 0.802 0.796 0,-808 o.s10 0.805 o.ao7 
XD 0,805 o. 800 o.840 o.880 o.-790 0.78 0.
810 0.800 
NB l.3J90 1.3393 1.3414 1.3394 1.35111.35111.3557 1.3556 
fB 0.984 0.983 0.979 o.-983 o. 959 0.959 0.941 0.-941 
XB 0.025 0.026 0.038 O. 026· 0-.10 0.10 0.150 
0.150 
d:p 8.0 8.0 6.0 4.0 8.4 8.4 9.0 
9.0 
1758 1758 1560 1350 1800 1800 1860 
1860 
T1 63. 7 62.2 62.1 70.9 60.8 61.2 
62.1 61.3 
T2 89. 2- 87.8 87.8 98.6 84.2 84.2 78.8 
78.8 
.:iw 44,800.-45~000 40,100 37,400 42,150 41,400 31,050 
32,500 
p 20 20 20 20 20 20 21 21 
Tn 132.8 132.8 132.8 132.8 132. 8 134.6 13
2.8 132.8 
RPM 1600 1600 1200 1200 1600 1600 2000 
200.0 
Run No. 9 
F 0.957 
D 0.265 
B o.692 
u:r 1. 3621 
fF 0,890 
XF 0.325 
HD 1. 3584 
PD 0.799 
Xn 0,860 
Nn 1,-3533 
f 'J 0.951 
X.,.3 l 0.120 
dp 9.0 
";"T 1860 :, 
T1 61.·2 
·T2 78.-8 
·, 32,700 '<iW 
p 21 
Tn 131,0 
RPM 2000 
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TABLE I 
EXPERDf.ENTAL DATA 
10 11 
o.841 1.146 
0.312 0.325 
0.529 0,821 
1. 3628 l. 3621 
0,878 o.890 
0.375 0.325 
l.}586 l,}578 
0.802 0.793 
o. 811-0 0.905 
1.3510 1. 3506 
O. 959· 0.960 
0.100 0.095 
9.0 9.0 
1360 1860 
61.5 60.3 
77. O 77.4 
28,800 Jl,800 
21 21 
131. 0 131. 0 
2000 iooo. 
12 13 14 
1.127 1.500 1.439 
0.326 0,320 O.J19 
0.801 1,180 1.120 
1.362.1 1.3612. 1.3614 
0.891 O. 9-)6 0.902 
O. 3;: 5 0.270 0,280 
1. 3579 1. 3571 1.3575 
o. 79 5 0.788 b.791 
0,895 0,950 0,920 
1.350} 1. 3491 1. 3508 
0.960 o. 963 1). 960 
0.093 0,0136 0,098 
9.0 9.0 0 •. 0 
1860 1860 186'0 
60.1 ~9.5 59.7 
77.2 77.0 77. O 
Jl,800 32,500 32,200 
21 21 21 
131.0 131,0 131.0 
2000 2000 2000 
F 
D 
B 
ti 
p 
/_ 
dp 
T1 
T2 
·(~;J 
'1' J 
: ~~ t'. 
= 
-
-
-
-
-
= 
-
-
= 
= 
-
-
-
-
-
-
= 
-
-
-
-
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T/1BLE I 
ra~a rote in lh moles/hr 
diatillnte rete in lb molea/hr 
vmat.e rote in lh rnule:./hr 
ind,..!X of refrnction nt .2:-. 7°c end hosed u'[;on llf:1 1 ine. 
donoity 
rr:ole frection 111:ht cor'.'lponent 
prensure drop ncror,;n orifjce, inches of Ji,,,. 
coolin,'. v1oter rote, lh/hr 
coolin,,1 water inlc~t terr:pernturo, 
0
11• 
co oli nt'. ';''/)t er outlet t emperot ure, 
0
1" 
l1eat trnnsfor rutr.:., B'I'lJ/hr 
r1tnnm c!ir;st J)re3::urP., lbn/j_r? 
(11.:.iti 1 lnte tor perAture of lt'om//J] :.wtt.1 n1·, °F 
rotntlon1:l WJeed of tnterrw1 con1:cnnin·1'. tuho 
'. 
. r 
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TABLE II 
M/1SS FLOW RA'I1ES, LBS/HR 
Run No, F D 
l 6J.80 2.50 
2 6).00 3.00 
3 61. 70 4,30 
4 62.20 6.50 
5 57. 40 11+, 40 
/ r:,7 ·c:o 13. 85 b - . ., 
7 23.60 11.85 
8 2).00 11. 65 
9 2').65 lJ.89 
10 27.65 10.02 
11 J5.50 17.GO 
12 34.90 17.52 
13 43.15 20.90 
14 41. 90 17.36 
F : feed rate, lbs/hr 
D = distillate rate, lbs/hr 
B : waste rate, lbs/hr 
----~----
B 
61.30 
60.00 
57.40 
55.70 
43.00 
43.65 
11. 75 
11. 35 
15 I 76 
11.63 
17.90 
1.7.38 
25.25 
24.54 
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TABLE III 
EQUILIBRIUM DATA, ACETONE-1120 SYSTEM 
PrtESSlfdE, 760 MM. HG. 
Mole Fraction C3H60 Temp. 
X y 
OF 
0.000 0.000 212.0 
0.015 0.325 193.J 
0.036 0. 56Li- 174.9 
0.074 0.734 154.9 
0.175 o.soo 146.7 
0.259 o.831 142.0 
0.377 G.840 140.9 
0.505 o.849 139.8 
o.671 o.s6s 138.2 
o.so4 0.902 1J6.6 
0.399 0.938 1J5.3 
0.930 d.960 134.1 
x =· mole fraction C3II60 in liquid phase 
y = mole fraction C3H60 in vapor phase 
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TABLE IV 
LIQUID FILM TEMPERATURES, °F 
Run No. Th~tmocounl~ PQsitiog 
2 3 4 0 6 7 8 
9 10 
1 178 180 lr)4 183 151. 5 172. 5 out 182. 5 194. 5 200 
2 175 180 187.5 182.5 150.5 167.5 " 
178,5 ·194.5 200.5 
3 131. 5 129.5 129~ 5 lJ4 .• 5 129.5 157 
II lti9 189 198.5 
4 131. 5 129. 5 129.5 133.5 130.5 159 
t1 183 177 201 
5 12m. 5 121. o 131. 5 133 134 147 
II 155;5 165.5 183 
6 133.5 130.5 131 135.5 133 14.8 " 153 
165 176 
7 154.5 157 159 lGO. 5 145 158 " 
167 197 203.5 
8 154 157.5 159 161 147 159.5 
11 172 198.5 203.5 
9 155 153 145.5 150 137 148 
II 166 199 203 
10 154 150 .• 5 149.5 151.5 139 154 
II 170,5 200,5 202.5 
11 152 146 145.5 150 138 148 
II 162 198 204 
12 152 1.4 7. 5 146 151 138 147.5 " 
163 199 20.3. 5 
13 148 142 147 152 142 149 
II 160 187 201. 5 
14 144 142 148 151.5 141 
·:_150 " 161 189 201. 5 
Ave. 14li-. J 148.3 150.2 152.1 140.0 154~6 -
167.4 190.4 198.7 
•.j "' •. 
Run · tn 
Ho. 
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TABLt V 
COlt.PARATIVE V!:LUf.S OF· n Atm r 
v L' . n r . 
1 146".5 18'/r,O: ·15,71,iO 41.i-,800 ?-.-89?. 2 •. 842 6,172 l..93· 1.966 
.2 11i-6. 7 t81+. ·o 15., 77'5 4 ~, ooo 2. 9J2 2 •. 852 G.122 1. 94 1. 958 
J 1/i.l.O· °174.·5 15,715 40·,.-10.0 2.932 2.547 ~.0.62 1 •. 96 :1.936 
4 13-7,0 v_{4 .• o 15,615 37,400 2~)·.2.8. 2 •. 4Q8 5.578 1..9.9 1,.9·06 
.5 147 •. 0 151.i-.O 15,750 42;150. 2·/J-70 2.676 5,22.0 ·1.36 1.892 
6 14G •. 7 154_.o "15,78.5 hl,·400 2.910 :2.625 5".180 1~)5 1,804 
7 14~ •. o.. 1.51. 0 I r: .r.7c:· ,·. ) ) 
.. 
g .146i7 151.0 1~.605 32,-50Q 2~315 2;081 J .• 022 1.23 1.7~8 
9 iJ9.0 152.·5 15,:550 32,700 2.Jfr7 2 .• 10.2 J.324 1.8"8 i.77~. 
10 141 15.4 
11 1J6·. 4 154 
16,120 2a·isoo 2.097 l.785 2.938 .1.e2 1.7~2 
l?,5.15 31,$00 2.373 2.048. J.519 2.·61 1.726 
12 1}6.8 154;' 15,540· J1J800 2.J71 ~~045 ,J.498 -~.49 1.726 
13 lJJ}.5 155.,5 15',425 . )2·,500· 2.1}26 2.106 J.926 3.93 1.736 
14 135.5 .. 154 .• 0 15.;460 32;200. ;~.4:'02 2.08} 3 •. 841 ?,rn 1.734 
:(1.) temperatur_e in °F 
(2)' llv, avernee latent heat of vapo~lzation, DTU/lb.·mole 
( J) '~. in BTU/hr 
(4) V in lb moles/~r; also,. .V • V' 
( 5) L and .. L.' in lb -moles/hr 
( 6 ). n, number ·t·heoretic.a~ plates 
(7) r, number heat units 
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Ball 'Bearinf!: and 
Paoking Gland Arrangement 
Heatinf" 
~eam Line 
Dresser 
Couplinp; ~ 
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f'iresser 
-Inlet 
I Fenwe.l 
~toh 
Peotifying 
Section 
Pressure 
Ga.u~e 
FIG. IA 
ROTARY CONDENSER 
Note: Ten thermocouples installed 
. 
, 
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COOLING WATER LINE 
Distil h.te oooling 
Condenser 
oolumn proner. Arra.nr,ed in a 
180° helix with 33/4" verticd 
spacinr,. Thermocouples are 
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pressure type fittings, ~ee 
Fi!!: lB. 
Outlet 
Cooling 
Water 
Orifice 
Inlet 
Cooling 
Water 
Feed 
Flowrator 
DISTILLATE 
SIGHT LEVEL 
Distillate Product Line 
Feed Ss.ryling 
Line 
Component 
Column Proper 
Potary condenser: 
Finned Tubinv, 
Support, center 
Supnort, end 
~te,i.m .Taekets 
Fl anp.:es: 
,:aterie.l 
steel 
Cu 
Rrnss 
~re.es 
Iron 
Cast iron 
Caet iron 
Size 
70"x2" 
l8 11r~" 
12"/" 
20"/" 
18"x4" 
9~" x2" 
4!"x2" 
,Jacket 
rackin~ Gle.nd 
Ral 1 P.earings: 
End 
Saddle Block 
couplings, Dresser 
:Steam '!'re.pa 
~"xl '' 
4{"xl" 
Ca8t iron 2" 
~olenoid 
Fenwal Thannal Pep:ulator 
Flowrators 
Feed ~ank 
Sight Level 
Sight Glass 
Pressure ";e.u~es 
rondensers, all 
shell and tube 
Dhtillate 
!:ottoms 
max. 
Ste.inlese 
steel 
Steel 
Orifice 
t'anometer 
rotoni: 
and finned Cu 
Al 
1;~-H20 
0.148 ,,:-pm 
6 ~a.l. 
0-100 psi 
26"x2!" 
:34"x2" 
17/64 11 
3~ 
No. 
.1 
2 
1 
2 
2 
l 
l 
1 
1 
~tripping 
~ection ~_._x .... ~-
From Water llei n Feed Pump 1/3 F'P 1/2 FT? 
1 
1 
1 
From Y.ain 
Stea.m Line 
22 paia. 
Bleed 
To 
Waste 
To 
Waste 
"team Condensate 
Line 
I 
\._. 
. ressure 
08.Ul\9 
t 
- - - _,.__ ___ __, 
steam Tra~~·~-~-
Fle.nges / 
Dresser / · 
Coupling 
Pe.okin~ Gland an.,.__L-.. 
~11 Bearing 
Saddle q}ook~ . __~~--' 
Bearin,: 
Outlet Cooling 
r.ater Temp. 
< 
Bottom Trap 
Bottom Sa.mp 
Pulleys 
Shaf't 
Motor 
er 
Dbtillate 
s a.mp 11 np, T, e 
I 
I 
~ hnOl\eter 
t 
T 
Feed 
Tank 
nistille.t 
Flowre.tor 
Fillinp: 
and i·ent 
Ge.ge Glass 
L Mixing Pu01p and M tor 
2 
•. • . ,•. ~ J,(i,:.,,-} 
-0 
Feed Pump and 
Motor 
JUNE I, 1954 
1'.ixing Dump 
-ohry Condenser 
'Pumps: 
:.'ead, i:i.:eared 
'.'i:xng, cent ri f'u~e.1 
"hermometers 
'!alves: ~re.es 
·~re.es 
Brass 
~+ainless ~teal 
1 FP 
1 
-1 
2 
4 
6 
5 
2 
LEHIGH UNIV.ERSITY 
DEPT; OF CHEMICAL ENG, BETHLEHEM, PA. 
FLOW DIAGRAM, ROTARY THERMAL COLUMN 
DRAWN BY R, L. BRADY JR , . SHEET IAoF 2 SHEETS 
/ ' 
" 
, 
1 
'l}i 
• 
FIG. 2 
\. 
'.~ 
i 
\ 
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Fl G. I B 
steam Je.oket 
Colt111n Wall 
____
____
_ Rotary Condenser 
2 
Thermocouple wire, CU-Constanta.n 
d/30 B&S ge.~e 
l/8 11 Copper tubing 
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Soldered thermocouple tip 
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FIG. 4 
REFRACTIVE INDEX VS MOLE FRACTlON 
ACETONE - H20 SYSTEM 
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FIG. 5 
ACETONE- H2 0 SYSTEM 
DENSITY VS MOLE FRACTION 
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FIG. 6 
WATER FLOW RATE·RELATION 
PRESSURE DROP VS WATER FLOW 
RATE 
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Robert L~uis Brady, Jr., the son of Mr. and Mrs. 
Robert L. Brady, Sr. was born April 21 1922 1-n Brighton, Mase. 
The majority of his early life w~s spent in the Philadelphia 
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In 1940 he attended Ursinus College, planning to major in 
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Brady was called to active duty with the naval service. In 
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the deeree or Bachelor of Science and being commissioned an 
ensi[')l in the U.S. Navy. 
After tours of duties in surface craft and subr:1.orines, 
the auttior requested ::;raduate study assignment. In 1951 he 
entered the u.s. Naval Postgraduate School for a course of in-
struction in Chemical Encineerine. After two years study, re-
ceiving the degree of Bachelor of Science, Brady registered for 
th.e graduate School, Lehigh University, pursuing a course of 
study leading to a Master of Science degree in Chereical Engineering. 
The author is marr1ed to the former Ruth McN.eal Herring 
of Towson, Md. and they are the parents of two sons and one 
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